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==========================

The number of immunocompromised patients has increased during the past few decades, reflecting increased use of immunosuppressive medications, and improved diagnostic techniques. The important causes of immunosuppression are solid organ transplantation, hematopoietic stem cells transplantation, cancer therapy, HIV infection, autoimmune diseases, primary immunodeficiencies, long-term steroid use, diabetes mellitus, and chronic debilitating illness.\[[@ref1][@ref2]\] The immunocompromised patients are more prone to various infections as compared to the immunocompetent ones. The organisms which are of little native virulence in the immunocompetent, can cause life-threatening complications in immunocompromised. Out of all, the infectious complications, respiratory complications are the most common because lungs can be a portal of entry for wide range of microorganisms. Respiratory infections comprise about 75% of pulmonary complications and are a major cause of morbidity and mortality in these patients.\[[@ref3][@ref4]\] The number of pathogens capable of causing the pulmonary infections is increasing. Earlier, only the bacterial pathogens were considered significant, but now, the atypical pathogens and viruses are increasingly being documented.\[[@ref5]\] Pathogens of greatest concern in immunocompromised are *Pneumocystis jirovecii* and cytomegalovirus (CMV).\[[@ref6]\] *P. jirovecii* is primarily associated with HIV infection but clusters of cases have also been seen in solid organ transplant recipients and patients with hematological malignancies.\[[@ref7][@ref8][@ref9]\] Coinfections are common in the immunocompromised. CMV pneumonitis often develops in association with other causes of pneumonia, especially the *P. jirovecii*. Subsequent secondary bacterial pneumonia can also develop.\[[@ref10]\] Besides these two, other important viral causes of respiratory infections in immunocompromised are respiratory syncytial virus (RSV), influenza virus (Flu), adenovirus (AdV), human metapneumovirus (hMPV), parainfluenza virus, and human rhinovirus.\[[@ref11][@ref12][@ref13]\] Prompt accurate diagnosis of pulmonary infections by these pathogens is crucial not only because of the high morbidity and mortality associated with them but also to avoid unnecessary use of antibiotics. Respiratory illness by viruses remains under diagnosed, the main reason being the nonspecific clinical presentation and difficult diagnosis. Now in recent years, with the introduction of molecular-based tests, diagnostic yield of viruses have improved up to 35%.\[[@ref14]\] These nucleic acid amplification tests are highly sensitive and rapid. With the multiplex technology, it is easier to identify the coinfections also. Multiplex polymerase chain reaction (MPCR) may not only facilitate the optimal clinical management of immunocompromised patients but also prevent their transmission.\[[@ref15]\] The present study was done to evaluate the performance of respiratory MPCR on bronchoalveolar lavage (BAL) samples in immunocompromised patients admitted with respiratory illness.

M[ETHODS]{.smallcaps} {#sec1-2}
=====================

Patients {#sec2-1}
--------

We retrospectively studied immunocompromised patients with respiratory illness admitted to our hospital from January 2014 to July 2015. Immunocompromised status was defined by the presence of malignancy, transplantation (solid organ and bone marrow transplantation), autoimmune disease, long-term steroid use, chronic debilitating illness, primary immunodeficiency, and immunosuppressive therapy. For the purpose of the present study, only patients in whom a BAL sample was available for respiratory MPCR and culture were included. A total of 177 patients were considered for evaluation.

Demographic and clinical data {#sec2-2}
-----------------------------

In all cases, the following variables were recorded: age, gender, clinical area, any underlying lung disease, clinical symptoms, days of symptoms, predisposing immunocompromised condition, complete blood count, C-reactive protein, and length of hospital stay and final outcome.

Microbiological methods {#sec2-3}
-----------------------

Respiratory MPCR and aerobic culture were done on all the BAL samples. PCR was done with the commercial multiplex FTD Respiratory pathogens 33 Kit. Kit was used according to manufacturer\'s instructions (Fast Track Diagnostics, Junglinster, Luxembourg) following total nucleic acid extraction performed by QIAsymphony (Qiagen, Hilden, Germany). Following pathogens were detected; Flu A, B, and C; parainfluenza virus 1, 2, 3, and 4; corona virus NL63, 229E, OC43, and HKU1; hMPV A and B rhinovirus, RSVs A and B; AdV, enterovirus, parechovirus, bocavirus; CMV, *P. jirovecii*, *Mycoplasma pneumoniae, Chlamydia pneumoniae, Streptococcus pneumoniae, Haemophilus influenzae, Staphylococcus aureus, Moraxella catarrhalis, Bordetella* spp., *Klebsiella pneumoniae*, *Legionella* species, and *Salmonella* species.

Category definition according to the pathogen {#sec2-4}
---------------------------------------------

Four categories were defined according to the pathogens detected by MPCR and culture. Category V (Only viral), Category NV (nonviral i.e., bacteria and atypical), Category M (mixedi.e., both viral and nonviral pathogen), and Category UK (unknown etiology).

Statistical analysis {#sec2-5}
--------------------

Statistical analysis was performed using the Statistical Package for the Social Sciences system (IBM SPSS Statistics, Version 24.0. Armonk, NY: IBM Corp.). Quantitative characteristics for each of the four groups were analyzed by mean and standard deviation. Comparison among the four categories was made by one-way ANOVA and Chi-square tests. *P* ≤0.05 was considered statistically significant.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Patient characteristics {#sec2-6}
-----------------------

Of the 177 immunocompromised patients admitted during the study, 61 (34.5%) were suffering from end-stage renal disease, 42 (23.7%) had undergone transplantation (23 kidneys, 16 livers and 3 hematopoietic stem cell transplantation), 39 (22%) had neoplastic disease, 15 (8.5%) had autoimmune disease, and 20 (11%) were receiving immunosuppressive therapy for some other reasons. Of the 177, 126 (71%) were male and 51 (29%) were female. A total of 59 (80.3%) patients were admitted to the Intensive Care Units (ICUs).

Pathogen identification by polymerase chain reaction and culture {#sec2-7}
----------------------------------------------------------------

Out of 177 patients, pathogens were identified by MPCR in 105 (59.3%) patients while culture could identify the causative pathogen only in 67 (37.8%) patients. Hence, as compared to aerobic culture, pathogen identification rate of MPCR was significantly higher (*P* = 0.0001).

Category wise distribution {#sec2-8}
--------------------------

According to the pathogen identified by MPCR and culture, 177 patients were divided into four categories as shown in [Table 1](#T1){ref-type="table"}. Pathogens identified in various categories are summarized in [Table 2](#T2){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}. Bacteria and atypical agents were detected in 111 (62.7%) while viruses were detected in 51 (28.8%) of cases. Most frequent etiological agents was *K. pneumoniae* in 32% (*n* = 56, monomicrobial 29 and polymicrobial 27), followed by CMV in 21% (*n* = 37, mono microbial 11 and poly microbial 26), and *P. jirovecii* in 10% (*n* = 18, monomicrobial 5 and polymicrobial 13) of patients. Most frequent mixed infection seen was CMV + *P. jirovecii* + *K. pneumoniae*.
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Category-wise distribution of patients
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Spectrum of pathogens in various categories
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Correlation between cytomegalovirus deoxyribonucleic acid in bronchoalveolar lavage and blood {#sec2-9}
---------------------------------------------------------------------------------------------

Out of 37 patients, positive for CMV deoxyribonucleic acid (DNA) in BAL fluid, we were able to check CMV DNA in blood samples of 22 patients (Qiagen). Of the 22 patients, 19 (86.3%) were positive for CMV DNA in blood sample with a mean of 575650 DNA copies/ml (95% confidence interval 72%--100%).

Patient characteristics comparison according to category {#sec2-10}
--------------------------------------------------------

Categories were compared for various clinical characteristics \[[Table 3](#T3){ref-type="table"}\]. No significant difference were found in age, gender, ICU admission, preexisting lung disease, days of symptoms, predisposing immunocompromised condition, clinical symptoms, and laboratory investigations. There were significant difference among groups for length of stay in hospital and the final outcome. Total hospital stay was significant higher in Category NV, and mortality was significantly higher in patients of Category M with mixed infections. Further, comparison was done among the categories for the significant parameters \[Tables [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"}\]. Total hospital stay was significantly high in patients of Category NV as compared to Category UK only. It was not significant among patients with viral, nonviral, and mixed infections. However, mortality was significantly high in Category M as compared to all other categories. It was also significantly high in Category NV when compared to UK.
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Patients characteristics according to the pathogen isolated
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Comparison of mean value of total hospital stay among various categories
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Comparison of final outcome among various categories
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D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

The present study was done on 177 immunocompromised patients to evaluate the role of MPCR in diagnosis of respiratory illness. Following observations were made:

Multiplex polymerase chain reaction has higher pathogen identification rate as compared to culture alone {#sec2-11}
--------------------------------------------------------------------------------------------------------

In our study, causative pathogen was identified by MPCR in 59.3% of patients while culture could identify only in 37.8% of cases. MPCR is targeting the 33 pathogens simultaneously, but aerobic culture done in routine can only identify the easily cultivable bacteria. Hence, if MPCR is routinely implemented in the diagnostic protocol of respiratory illness in immunocompromised patients, causative pathogen will be identified in significantly higher number of patients. Baudel *et al*. showed similar type of results where MPCR was positive in 66%, and culture was positive in only 40% of patients.\[[@ref16]\] Nevertheless, it has some limitations. First, it cannot quantify the pathogen load so it is difficult to differentiate colonization from infection. Second, it cannot give the antibiotic sensitivity for which we have to rely on culture only. But still, it is a highly sensitive tool in immunocompromised patients where traditional methods for diagnosis of virus and atypical organisms are very cumbersome, and bacteria are also difficult to recover even in lung biopsy.\[[@ref17]\]

Viral and atypical organisms are important cause of respiratory illness in immunocompromised patients {#sec2-12}
-----------------------------------------------------------------------------------------------------

In our study, viruses were detected in 28.8% of cases. It is in line with the previous studies where the prevalence of viruses in BAL has been reported from 3.6% to 68.2%.\[[@ref13][@ref18][@ref19][@ref20][@ref21]\] *K. pneumoniae* was the most frequent pathogen obtained from 32% of cases, followed by CMV (21%), and *P. jirovecii* (10%). In agreement with our results, there are studies where CMV has been reported as the most common viral cause of respiratory illness in immunocompromised patients.\[[@ref22][@ref23]\] For *P. jirovecii*, high prevalence has been reported in HIV-negative immunocompromised patients. It can be highly fulminant leading to mortality as high as 50%. Although PCR is not definitive diagnosis, it cannot differentiate colonization from infection, but still, this is the most useful tool in non-HIV immunocompromised patients where organism load is too low to be detected by staining methods. Its negative predictive value is as high as 100%.\[[@ref24][@ref25][@ref26]\] Other viruses detected in our study were Flu A, corona virus, RSV, AdV, bocavirus, enterovirus, and hMPV. These viruses have been reported as an important cause of respiratory illness in immunocompromised patients.\[[@ref27][@ref28]\]

Cytomegalovirus deoxyribonucleic acid in bronchoalveolar lavage correlates well with the cytomegalovirus deoxyribonucleic acid in the blood in immunocompromised patients {#sec2-13}
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CMV is a significant pathogen in immunocompromised patients associated with high morbidity and mortality. The definitive diagnosis is difficult as it requires transbronchial or open lung biopsy specimen. It is too risky to be performed routinely in all clinically suspected patients. Culture is also difficult to interpret and time-consuming. Now, in recent years, interest is focused on rapid molecular techniques. PCR is also not confirmatory as it can represent either viral shedding or pulmonary disease. However, if done in clinically suspected immunocompromised patients, it is most sensitive and rapid method. In our study, 21% of patients were positive for CMV DNA in BAL. Chemaly *et al*. have found that high CMV viral load in BAL in lung transplant recipients is strongly associated with CMV pneumonitis.\[[@ref29]\] Our test has limitations as it was not quantitative. To obviate this, we have considered only those BAL positive for CMV DNA which were having cycling threshold value below 30. We correlated it with CMV viral load in the blood samples, and 86.3% of patients were also positive for CMV DNA in blood sample with a mean of 575,650 DNA copies/ml. According to various studies, CMV DNA in blood correlates well with CMV pneumonitis.\[[@ref29][@ref30][@ref31]\] CMV DNA detection in BAL can give useful information if done in clinically suspected immunocompromised patients.

Mixed infection leads to more severe disease as compared to bacteria or virus alone {#sec2-14}
-----------------------------------------------------------------------------------

In our study, 34 (19.8%) patients were having mixed infections. A variable range from 14% to 38% has been reported in the previous studies.\[[@ref32][@ref33]\] Most frequent pathogens associated with mixed infections were CMV and *P. jirovecii*. This is in concordance with several published studies.\[[@ref27][@ref34][@ref35]\] Mortality was significantly higher in patients with mixed infections as compared to other categories. Previous studies have shown the variable outcome among patients with mixed infections. Some showing more severe clinical disease while other showing no association. Mortalities were not compared significantly in these studies as total number of deaths was less.\[[@ref32][@ref33][@ref36][@ref37][@ref38]\] Our study differs in that we only studied immunocompromised patients so combinations of pathogens observed in mixed infections are different. To the best of our knowledge, this is the first study to evaluate the outcome of mixed infection (categorized by MPCR and culture) in immunocompromised patients. To confirm our observation, further more studies are needed.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Results of the present study demonstrate that viruses and atypical pathogens can be significant respiratory pathogens in immunocompromised patients leading to coinfections and high mortality. MPCR is highly sensitive and rapid tool which should be routinely implemented for the diagnosis of respiratory illness in immunocompromised patients.
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